. Arrangement used to measure gaseous metabolism, cardiac output, and E. C. G. the CO2 produced by the heart.
The amount of CO2 in this fluid is determined by the increase in the electric resistance by Kohlraush's bridge. In preliminary investigations carefully made, we verified an almost linear relationship between electrical conductivity of sodium alkaline solution and vol.%, of absorbed CO2, measured by van Slyke's apparatus.
2) A Barcroft's manometer (E), filled with Brodie's solution instead of clove oil, is connected at one end to Clark's bulb and at the other through a threeway tap to a glass bottle (B), of about 130cc. in volume.
The volume in this bottle is controlled by adding suitable quantities of water, so that the manometer responds much more sensitively to changes of air tension in the bulb A.
3) The volume of isolated heart preparation suspended in the bulb cannot be determined beforehand, consequently the change of air tension in bulb (A) must be examined with Barcroft's manometer before each experiment.
To do this smoothly and to save time, a mercury manometer (F) is connected to the opposite side of Clark's bulb through a small air resorvoir (C), about 10cc. in volume 4) For preparation of frog's heart a modified double cannula ( fig. 2 ), which consists of aortic and venous portions, and a small, funnel-like, glass piece was used. The venous cannula has a blood resorvoir, scaled in mm. on it's side, and a double constricted tip, which is convenient for tying the sinus off. The funnel-like glass piece is placed at the outlet of the aortic cannula to transfer the blood stream expelled in drops. The heparinized blood for perfusing the heart is taken from the aorta dextra at the start of preparation.
Before isolating the heart, all blood residue is washed out with Ringer's solution to prevent clotting, and then usually 2cc. of this heparinized blood is allowed At a constant beat of 20 per minute a marked increase in oxygen consumption was shown, due to the increase in amount of blood perfused, but perfusing blood in excess of 1.5 cc. did not cause greater oxygen consumption.
The cardiac output, on the contrary, became greater when more than 1.5 cc. was perfused. One of three experiments is shown in fig.4 . 2) The influence of the heart rate on oxygen consumption and cardiac output was measured in case where 2 cc. of blood was perfused, in summer and winter.
In animals fed in the open air in summer it was found that a steep linear increase in oxygen consumption and cardiac output resulted by raising the frequency of the heart beat, which usually reached a maximum when the heart beat was 20 per minute, but declined when the beat became faster than this.
In animals fed in the open air in winter the changes in oxygen consumption and cardiac output following the rise in heart rate were so small that the relationship of oxygen consumption and cardiac output to the heart rate could not be clearly indicated.
These results led us to consider that the estimated efficiency of the heart, namely the amount of cardiac output for a certain oxygen consumption, was the highest at about 20 beats per minute.
Two of ten cases are KOROKU HASHIMOTO AND HIKARU NUKADA shown in fig.5 .
3 The changes in activity of the isolated heart, described above, depend partly, we think, upon the content of metabolites in the blood especially upon the lactate content.
Glucose, on the contrary, dose not seem to affect it. In fact, the contraction of the heart does not show any immediate improvement after adding concentrated glucose solution: neither does the cardiac output increase as significantly as in the case of lactate.
2) We have proved that, in isolated heart of frog, whose body weight is about 200 g., 2 cc. of blood is adequate for circulation.
3) The effect of heart frequency is very important for calculating the resting metabolism of the heart. This we have confirmed by the linear relationship between oxygen consumption and the heart rate if the latter is fewer than 15 beats per minute.
Above 20 beats per minute diastolic dilatation is restricted more or less, so the diastolic effect of some drugs may not appear under this condition. SUMMARY 1) A suitable apparatus for perfusing the frog's heart, by which the metabolic -action , mechanical work and electrical response of the heart can simultaneously be observed, was described.
The relationship between the oxygen consumption, cardiac output and heart rate was studied to detect the most suitable conditions for making the tests.
2) The effect of drugs can be investigated by adding them into the circulating blood, and blood samples can be taken at will for chemical analysis.
3) Seasonal variations in the activity of the heart were demonstrated, and it was proved that these changes depended partly upon the lactate content in the blood.
